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Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) is an exotic ladybird, first recorded
in South Africa in 2004, where it was introduced factitiously. In this study the seasonal
occurrence of H. axiridis and other coccinellids were monitored in four vineyards and the
adjacent windbreaks over three growing seasons in the Western Cape Province, South
Africa. Harmonia axyridis made up the highest mean number of coccinellids collected per site
over the collecting period, followed by Hippodamia variegata, Cheilomenes lunata, Exochomus
flavipes and Micraspis sp. No indigenous parasitoids were observed attacking H. axyridis.
The numbers of H. axyridis on the vines were negatively correlated with temperature but
positively with rainfall. In view of the migration of H. axyridis from the vines in December,
they appear not to pose any risk of contaminating grapes during harvest and tainting wine
as most wine grapes are harvested from January onwards.
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INTRODUCTION
The intensification of human transport and
commerce around the world has led to wide-
spread movement of insect species outside of their
native range (Mack et al. 2000; Hulme 2009; Tatem
2009; Giliomee 2011). Vitousek et al. (1996, 1997),
Pimentel et al. (2000) and Simberloff (2004) consid-
ered such human-assisted invasions to pose a
major threat to biodiversity worldwide, causing,
among others, the displacement (Simberloff &
Stiling 1996) and extinction (Williamson 1996;
Evans 2004) of indigenous species.
Harmonia axyridis (Pallas) (Coleoptera: Coccinel-
lidae) is a ladybird indigenous to Asia (Komai
1956) and its distribution extends across southern
Siberia from the Altai Mountains to the Pacific
coast, including Korea, Japan, southern China and
the Himalayas (Dobzhansky 1933; Osawa 2011). It
has in recent years emerged as a significant in-
vader on several continents (Koch et al. 2006). It
was introduced into North America (Oregon,
U.S.A.) between 1970 and 1980 (Nalepa et al. 1996;
Chapin & Brou 1991; LaMana & Miller 1996),
South America (Argentina) in 2001 (Saini 2004),
Europe (Great Britain) in 2004 (Majerus et al. 2006)
and Africa (South Africa) in 2004 (Stals & Prinsloo
2007).
Harmonia axyridis thrives in temperate and sub-
tropical climates (Poutsma et al. 2008). It is also
adapted to a wide range of temperatures from
below 0 °C (LaMana & Miller 1998; Watanabe
2002) to 34 °C (LaMana & Miller 1998). At tempera-
tures near 27 °C, development from egg to adult re-
quires about 18 days. The developmental rate
increases with increase in temperature (LaMana &
Miller 1998).
The ladybird preys voraciously on a diversity of
pestiferous aphids (Hukusima & Kamei 1970; Lou
1987; Hu et al. 1989; Lucas et al. 1997). It is
polyphagous (Adriaens 2003) and will also attack
soft-bodied arthropods when aphids are in short
supply (Brown et al. 2011) and will also feed on
other beneficial insect species (Yasuda & Ohnuma
1999), such as eggs and larvae of the ladybird
Exochomus flavipes (Coleoptera: Coccinellidae),
which preys on vine mealybugs (Achiano, pers.
obs.). Stuart et al. (2002) also found that H. axyridis
feeds rapaciously on the snout beetle Diaprepes
abbreviatus (Coleoptera: Curculionidae) in Florida,
U.S.A.
Harmonia axyridis can have a negative impact on
wine making when it aggregates in clusters of
grapes and is processed with the grapes, resulting
in tainted, unmarketable wine or juice. The taint
could result in undesirable peanut, bell pepper
and asparagus aromas and flavours in wine
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(Pickering et al. 2005). The deleterious effect on
final wine quality increases with increasing num-
bers of H. axyridis processed with the harvested
grapes (Pickering et al. 2004). Kovach (2004) and
Pickering et al. (2007) determined the threshold
density for wine contamination to be about 0.9 and
1.5 beetles/kg of grapes, respectively, above which
interventions in the field or in the winery should
be considered. The unacceptable taste associated
with H. axyridis could cause severe losses to the
wine industry in the Western Cape Province, as
had happened in Canada and the U.S.A. (Pickering
et al. 2004).
The aims of this study were to determine: (i) the
seasonal abundance of H. axyridis in four selected
vineyards in the Western Cape winelands, (ii)
whether indigenous parasitoids that attack local
predatory ladybirds also attack H. axyridis, (iii) the
effect of abiotic factors such as temperature and
rainfall on the numbers of H. axyridis, and (iv)
whether it poses a risk to the local wine industry.
MATERIAL AND METHODS
Four vineyards (about 3 ha each), with pine tree
windbreaks on at least one side were selected as
trial sites, after preliminary investigation indi-
cated the presence of H. axyridis on them. These
were at Nietvoorbij (33°91’S 18°85’E; altitude
149 m), Glen Helderberg (34°03’S 18°42’E; altitude
100 m), Backsberg (33°83’S 18°91’E; altitude 242 m),
and La Motte (33°83’S 18°61’E; altitude 248 m). On
Nietvoorbij and Glen Helderberg chlorpyrifos
was applied prior to bud burst to control over-
wintering populations of grapevine mealybug,
Planococcus ficus (Signoret), but no mealybug
control was applied on Backsberg and La Motte.
Triticale was planted as a cover crop in April
between the vine rows at all four sites and left to
dry and die off at the end of August to September
throughout the research period.
Each trial vineyard was divided into three blocks
of approximately 1 ha each. In each hectare block,
20 plots of five vines each were randomly selected
and the number of H. axyridis and other coccinellids
on half of each vine recorded every two weeks.
Visual inspection was also used to monitor the
presence of H. axyridis and other coccinellids on
the adjacent pine trees.
The feasibility of using sticky traps to monitor
the occurrence of H. axyridis and other coccinellids
in vineyards and adjacent pine trees was investi-
gated. One yellow sticky trap (Agribiol® 200 mm ×
100 mm) was hung at a height of 1.0 m in each of
the three blocks per vineyard. One yellow sticky
trap was hung from a branch 1.0 m above ground
in the adjacent pine tree windbreak correspond-
ing to each hectare block in which a sticky trap was
hung. Yellow delta traps™ (110 mm × 200 mm ×
280 mm) containing white sticky pads were also
hung at a height of 1.0 m and at a density of one
trap/ha block. The yellow delta traps and yellow
sticky traps were spaced 30 m apart in the same
vine row in the centre of each hectare block to
avoid potential edge effects. Traps were inspected
fortnightly from September 2009 to March 2012. At
every inspection the yellow sticky traps and the
removable sticky inserts of the delta traps were
replaced. The used traps were taken to the labora-
tory and inspected under a stereo-microscope to
identify and count all the coccinellids.
Temperature and rainfall data were obtained
from ARC-Institute for Soil, Climate and Water at
Stellenbosch.
Statistical analyses
Pearson correlation of independent variables
(temperature and rainfall) and dependent vari-
able H. axyridis were calculated. Visual inspection
data for the two sampling dates per month were
combined to obtain the total number of H. axyridis
counted per month in each of the four trial vine-
yards and the adjacent pine trees. The monthly
total counts were averaged over three growing
seasons (September 2009 to March 2012) and
plotted against mean monthly temperature (°C)
and mean monthly rainfall (mm), also averaged
over three growing seasons. ANOVA was used to
compare the mean number of each coccinellid
species collected on four farms over three seasons.
Factorial analysis was used to determine the inter-
actions of year (Y), farm (F), and species (Sp.). All
statistical analyses were performed on Statistica
(2012), and treatment effects were considered
significant at P < 0.05.
RESULTS AND DISCUSSION
The number of H. axyridis counted in vineyards
peaked between October and December, and then
declined, with one or two minor peaks between
May and August, depending on the locality (Figs 1,
2). This pattern suggests multi-voltinism. Harmonia
axyridis has been shown to be multivoltine, with
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four overlapping generations per year in Greece
(Katsoyannos et al. 1997) and two in Japan and
Great Britain (Osawa 2000; Brown et al. 2008).
Multivoltinism in H. axyridis could be considered
an advantage in terms of its population growth
over the indigenous E. flavipes which is univoltine
(Pretorius et al. 2010). The situation here is similar
to that in Great Britain, where the dominant
H. axyridis is multivoltine and the native cocci-
nellids C. septempunctata and Adalia bipunctata (L.)
are univoltine in most years (Majerus 1994; Brown
et al. 2011).
The numbers of H. axyridis collected on the adja-
cent pine trees also showed an October peak on La
Motte, but at Backsberg and Nietvoorbij numbers
increased to a peak in December, while those on
the vines declined (Figs 1, 2). The decrease of
H. axyridis numbers on the vines in December and
the increase on the pine trees coincided with an
increase in temperature and a decrease in rainfall,
respectively (Figs 1, 2). The Pearson correlation of
beetle numbers on the vines with temperature and
rainfall was –0.629 and 0.720, respectively (at P <
0.05) (Table 1). Brown et al. (2011) also found num-
bers of H. axyridis to be negatively and positively
correlated with temperature and rainfall, respec-
tively. This was the period, from June to Septem-
ber, in which aphids were seen on the cover crops.
Since the temperature and rainfall regime was the
same in both the vineyards and surrounding
areas, the two abiotic factors could not be the
driving factor for the emigration and immigration
of H. axyridis. More likely it is the lack of food
resources, such as aphids, that might have trig-
gered the exodus of H. axyridis from the vineyards.
Harmonia axyridis started moving out of the vines
in mid-October and November when aphid
numbers were decreasing as the cover crops were
dying off. They returned in May when aphids
began to colonise the next season’s cover crops
(Figs 1, 2). The application of chlorpyrifos to
dormant vines did not seem to have an adverse
effect on H. axyridis, since the reduction in numbers
of H. axyridis was similar on the farms where no
chlorpyrifos was applied (Figs 1, 2, 3). The quanti-
fication of aphid numbers could be useful in
explaining the emigration and immigration of
H. axyridis from the vineyards, and future work in
this regard is recommended. The virtual absence
of H. axyridis in vineyards during the harvesting
season from January until April indicates that it
does not pose any real risk of contaminating
grapes during harvest and tainting wine.
The numbers of H. axyridis and other coccinellids
caught with the yellow and Delta sticky traps were
negligible (Table 2), indicating that these are not
suitable for monitoring H. axyridis in vineyards.
The mean numbers of each coccinellid species
counted over three growing seasons on grape-
vines and adjacent pine trees on four wine grape
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Table 1. Pearson correlation of independent variables temperature and rainfall and dependent variable Harmonia
axyridis numbers from all trial sites combined over three growing seasons.
Independent variables Dependent variables Pearson correlation Significant difference
(P < 0.05)
Temperature (°C) H. axyridis –0.629 0.004
Rainfall (mm) H. axyridis 0.720 0.002
Table 2. Mean number of each coccinellid species counted (caught with yellow and delta sticky traps) in four wine
grape vineyards in the Western Cape Province over three growing seasons (September 2009 to March 2012).
Farm Species
H. axyridis H. variegata C. lunata E. flavipes Micrapis sp.
Backsberg 0.04 (0.03) a 0.00 (0.00) a 0.06 (0,04) a 0.00 (0.00) a 0.00 (0.00) a
Helderberg 0.00 (0.00) b 0.02 (0.02) a 0.04 (0.03) bc 0.00 (0.00) b 0.00 (0.00) b
La Motte 0.04 (0.02) ab 0.07 (0.01) a 0.03 (0.03) a 0.00 (0.00) a 0.00 (0.00) c
Nietvoorbij 0.05 (0.03) a 0.00 (0.00) a 0.00 (0.00) a 0.00 (0.00) a 0.00 (0.00) a
Means with the same letters in a row are not significantly different (P < 0.05).
farms are presented in Fig. 3. The exotic H. axyridis
was most abundant, with a mean of 55.10 counted
on vines at La Motte (Fig. 3). In the adjacent pine
trees numbers of H. axyridis were also found to be
the highest, except at Glen Helderberg, where
another exotic, Hippodamia variegata (Goeze), was
most abundant. The means of all three seasons
combined showed the relative dominance of
H. axyridis (Table 3). With a mean of 40.67 it was
significantly more abundant than H. variegata
(32.15), Cheilomenes lunata (Fabr.) (12.84), Exo-
chomus flavipes (Thunb.) (1.69) and Micraspis sp.
(0.44) at P < 0.05. The dominance of H. axyridis
over the indigenous coccinellids occurred over all
three years of the survey (Table 3). Apart from a
significant three-way interaction between Year,
Farm and Species, the two-way interaction was
significant, implying that Farm and Year have a
role in determining observed numbers for each
species (Table 4). The interactions between Year
and Species was highly significant, indicating the
dominance of H. axyridis over the indigenous
coccinellids. The dominant position reached in the
short period since it was first observed in 2002 in
South Africa, is indicative of the invasive nature of
the species. This observation appears to be in line
with the work of Brown et al. (2011) in England
where H. axyridis numbers increased dramatically,
whilst those of native aphidophagous species
declined over a period of three years. Michaud
(2002) also found that H. axyridis numbers increased,
while those of the formerly dominant indigenous
Cycloneda sanguinea (L.) (Coleoptera: Coccinellidae)
declined over a period of five years after introduc-
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Fig. 3. Mean number of each coccinellid species counted over three growing seasons (2009 to 2012) on grapevines
and adjacent pine trees on four wine grape farms in the Western Cape Province.
Table 3. Mean number of each coccinellid species counted (by visual inspection) in four wine grape vineyards in the
Western Cape Province over three growing seasons (September 2009 to March 2012).
Year Species
H. axyridis H. variegata C. lunata E. flavipes Micraspis sp.
2009 30.38 (7.27) a 19.25 (3.74) b 15.94 (3.73) b 0.69 (0.28) c 1.19 (1.06) c
2010 52.19 (6.11) a 46.50 (7.80) a 14.13 (2.03) b 2.78 (0.98) c 0.06 (0.06) d
2011 39.44 (6.75) a 30.69 (3.37) b 8.44 (1.48) c 1.63 (0.65) d 0.06 (0.06) d
Mean of 3 years 40.67 (5.30) a 32.15 (3.18) b 12.84 (1.51) c 1.69 (0.41) d 0.44 (0.16) d
Means with the same letters in a row are not significantly different (P < 0.05).
tion of H. axyridis into a Florida citrus ecosystem.
Harmonia axyridis also appears to be relatively
dominant over H. variegata, the other exotic
coccinellid in South African vineyards (Fig. 1,
Table 1). Colunga-Garcia & Gage (1998) found a
similar phenomenon in the Michigan landscape
where H. axyridis took the place of the exotic
Coccinella septempunctata and became the dominant
coccinellid in the ecosystem. However, in the
absence of data on the abundance of the other
coccinellids in vineyards where H. axyridis does
not occur, the apparent displacement of other
coccinellids by this invasive species in vineyards in
the Western Cape must be regarded with some
caution.
The ability of H. axyridis to dominate other
species, even in their native range, has been attrib-
uted to various characteristics. Intra-guild preda-
tion could be one mechanism utilised by H. axy-
ridis to displace indigenous species such as E. flavi-
pes (Hautier et al. 2009). Evans (1991), Cottrell &
Yeargan (1999), Yasuda & Ohnuma (1999) and
Michaud (2003) also suggested that intra-guild
predation might be facilitating the dominant inva-
sion by H. axyridis. Studies done by Sakuratani
et al. (2000), Kajita et al. (2000), Yasuda et al. (2001)
and Koch et al. (2003) indicate that H. axyridis can
effectively utilise other members of the aphido-
phagous guild as a food source. All the coccinellid
species, indigenous and exotic, encountered in
this study feed on aphids, thus at low densities of
prey, H. axyridis may engage in intra-guild preda-
tion. It was shown that the intensity of predation
by H. axyridis on other guild members is inversely
related to aphid density (Hironori & Katsuhiro
1997; Burgio et al. 2002). Joseph et al. (1999) and
Michaud (2003) found that H. axyridis has the innate
ability to display kin recognition and is thus less
likely to cannibalise a sibling than a non-sibling.
Harmonia axyridis females and other coccinellids
refrain from laying eggs in the presence of an
oviposition deterring semiochemical produced by
H. axyridis larvae, thus reducing cannibalism and
intraguild predation (Magro et al. 2007). This in
part ensures its stranglehold as the top predator in
the coccinellid guild. Takahashi (1989) and Lucas
et al. (1997) suggested that the position of H. axyridis
as a top intra-guild predator might be attributable
to its aggressive nature and the shape of its mandi-
bles, whilst Yasuda & Ohnuma (1999) attributed it
to its ability to thrive on a varied diet, including
other species of ladybirds.
Other factors such as high reproductive rate,
good searching ability and two or possibly three
generations per year could also contribute to the
dominance of the exotic H. axyridis. Abdel-Salam &
Abdel-Baky (2001) mentioned that H. axyridis has a
higher capacity to multiply its population than
other coccinellids, whilst Osawa (2000) and
Yasuda et al. (2001) attributed the greater success of
H. axyridis over other guild members to its higher
attack rates and Yasuda et al. (2001) to greater escape
ability. The relatively large size of H. axyridis
(length 4.9–8.2 mm, width 4.0–6.6 mm) (Kuznetsov
1997) compared to H. variegata (length 4.4–5.0 mm.
width 3.0–3.3 mm) (Gorden 1987) and other guild
members could also account for the former ’s
ability to displace other guild members. Majerus
(1994), Lucas et al. (1997) and Michaud (2002)
reported that in predatory interactions between
coccinellids it is generally the larger that eats the
smaller. Harmonia axyridis protects itself with a foul
warning smell by secreting 2-alkyl-3-methoxy-
pyrazines (Cudjoe et al. 2005; Cai et al. 2007) which
makes it unpalatable or acts as an antifeedant to
other predators of the coccinellid guild. In Japan,
H. axyridis is unpalatable to Coccinella septempunctata
(L.) (Yasuda et al. 2000).
Cheilomenes lunata, an indigenous coccinellid,
is attacked by Dinocampus coccinellae (Schrank)
(Hymenoptera: Braconidae) in South Africa
(Ceryngier et al. 2012; Achiano, pers. obs.). How-
ever, no indigenous parasitoids were found to
attack H. axyridis in this study and this will en-
hance its competitive edge over the indigenous
coccinellids.
CONCLUSION
In view of the observed decline of H. axyridis
numbers in vineyards from December onwards
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Table 4. Analysis of variance for year, farm and number
of species interactions.
Factor d.f. MS F-value P-level
Year (Y) 2 797.04 4.30 0.021
Farm (F) 3 692.04 3.73 0.020
Species (Sp.) 6 943.48 330.84 <0.0001
Y * F 6 726.10 3.92 <0.0001
Y * Sp. 12 601.08 21.08 <0.0001
F * Sp. 18 372.44 13.06 <0.0001
Y * F * Sp. 35 721.48 25.30 <0.0001
Error 195 5560.72 – –
when the cover crops and aphids have disap-
peared, it appears not to pose any risk of contami-
nating grapes during harvest and tainting wine, as
most wine grapes are harvested from January on-
wards. Harmonia axyridis was consistently the
most abundant coccinellid on grapevines in all
four vineyards sampled over three growing seasons.
No indigenous parasitoids were found to attack
H. axyridis. It is possible that H. axyridis is displac-
ing other exotic and indigenous coccinellids in
vineyards. However, it might also have filled a
niche not occupied by the other coccinellids. This
needs further investigation.
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